The nucleic acids were isolated from Aerobacter aerogenes by extraction of mechanically disintegrated organisms with 0.14M-sodium chloride a t pH 7.5.
contained in the organisms was obtained, but only about 5 0 % of the ribonucleic acid (RNA). The loss of RNA was mainly due to enzymic degradation. By extraction of A . aerogenes with 1% sodium cholate at 60°, enzymic degradation was virtually eliminated and a good yield of both DNA and RNA obtained. They were relatively undegraded and both showed evidence of the presence of hydrogen bonds. The amounts of the purine and pyrimidine bases in both types of nucleic acid were determined. The DNA and RNA from the normal streptomycin-sensitive strain of A. aerogenes differed significantly in base composition from the corresponding nucleic acids from a strain which had been trained to grow in 5 yo (w/v) streptomycin.
For the quantitative isolation of relatively undegraded nucleic acids from living cells, two factors are of importance. First, the isolation procedure should be capable of completely extracting the nucleic acids without appreciably modifying them and secondly, enzymic degradation should be eliminated. Existing methods for the isolation of deoxyribonucleic acid (DNA) closely approach this ideal, but, since ribonucleic acid-hydrolysing enzymes are often very stable and difficult to inhibit, these conditions have not been realized in most methods for the isolation of ribonucleic acids (RNA). Thus a number of mild procedures have been developed (Grinnan & Mosher, 1951 ;  Kay & Dounce, 1958; Kirby, 1956;  Lombard & Chargaff, 1956), but in these, a t some stage, usually during the initial homogenization of the tissue, there might have been enzymic degradation even at the low temperatures used by some of these workers. Other methods (Crestfield, Smith & Allen, 1955;  Dorner & Knight, 1953) have employed temperatures high enough to break any hydrogen bonds which might be present in native RNA. One of the best procedures so far reported appears to be that of Hunter & Butler (1956) in which the nucleic acids were extracted from Bacillus rnegateriurn with sodium dodecyl sulphate at room temperature after previous treatment of the organisms with lysozyme. In this method there was the possibility of ribonuclease action during the lysozyme treatment, although the product obtained was biologically active.
The present paper describes a method for the isolation of the nucleic acids from Aerobacter aerogenes under conditions in which ribonucleic acid-hydrolysing enzymes are inhibited. Both DNA and RNA have been isolated in good yield and in relatively undegraded form. The compositions of the two types
Purine and pyrimidine contents of the rtucleic acids
Samples of DNA ( 5 mg.) were dried a t 110" in vacuo for 2-8 hr. and then hydrolysed by heating with anhydrous trifluoroacetic acid (0-2 ml.) at 155" for 60 min. The bases were separated chromatographically on Whatman no. 1 filter paper with the solvent of Wyatt (1951), eluted and estimated spectrophotometrically .
Some difficulty was experienced in effecting the complete hydrolysis of RNA with perchloric acid (see Crosbie, Smellie & Davidson, 1953) or with trifluoroacetic acid. With the latter reagent, the presence of water (c. 10 yo, w/v) was essential for complete hydrolysis of the pyrimidine nucleotides.
However, the method of Crosbie et al. (1953) , in which RNA is hydrolysed with 0-3 p potassium hydroxide a t 37" and the mononucleotides so produced separated by paper electrophoresis, was found to be superior. The paper electrophoresis was carried out in the apparatus of Foster (1952) as described by Foster, Jones & Rizvi (1956) .
The samples of RNA prepared in this work contained considerable amounts of calcium which caused precipitation of some of the nucleotides in the presence of 0.3 p potassium hydroxide. Until this was realized, this precipitate was centrifuged off before neutralization with perchloric acid. This gave slightly erroneous results for the proportions of the nucleotides (Cox, Jones, Marsh & Peacocke, 1956). The procedure finally adopted was to adjust the alkaline digest of the RNA to pH 1 without removing this precipitate. This gave more accurate results.
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RESULTS
The nucleic acid content of Aerobacter aerogenes
Aerobacter aerogenes was grown as described above, and harvested in the Sharples supercentrifuge. The organisms were washed once with distilled water and suspended in distilled water. The suspension was divided into two equal parts, one of which was freeze-dried to give 1492 g. dry organisms. This material was then analysed by Schmidt & Thannhauser's (1945) method (Table 1 ). The very low value obtained for DNA was due to the difficulty experienced in centrifuging down the DNA precipitate produced by acidification of the N-sodium hydroxide digest (cf. Mitchell & Moyle, 1954) . Other experiments gave a higher value for DNA, but the exact value depended upon the conditions of centrifugation. A better result was obtained by estimation of the deoxypentose by Dische's diphenylamine reaction (Dische, 1930) in a hot trichloroacetic acid extract of organisms obtained by Schneider's (1 945) method. Interference with the estimation by other colour-producing substances was decreased by measuring the difference between the optical density a t 600 mp. and that a t 700 mp, These results showed that Aerobacter aerogenes contained 15 yo (w/w) nucleic acids (assuming a phosphorus content for the nucleic acids of 8 yo (w/w)) and that 18 % of this was DNA and 82 % RNA. Recent work (Jones, Rizvi & Stacey, unpublished results) has shown that this value for RNA is too high because of the presence of other phosphorus-containing compounds in the RNA fraction. An exact determination of these was not carried out on this particular culture, but from other results it was concluded that about 25-30 yo of the phosphorus in the RNA fraction was due to other phosphorus-containing substances.
Isolation of the nucleic acids from Aerobacter aerogenes
The other half of the suspension of organisms was shaken with ballotini glass balls (1.0 mm. diameter) in the presence of 0.01M-sodium arsenate a t O o for 6-7 hr. The broken organisms were extracted a t 0' for 18 hr. with O-OOl~-sodium arsenate a t pH 7. The suspension was decanted from the glass ceuticals] Ltd., Manchester) added until precipitation was complete. The precipitate, which contained nucleic acids, protkins and acidic polysaccharides was centrifuged off, dissolved in M-sodium chloride and the solution diluted with three volumes of water. This procedure precipitated the nucleic acids and part of the protein but left in solution the acidic polysaccharides and the rest of the protein. Two repetitions of this precipitation procedure removed the acidic polysaccharides from the precipitate, Protein was removed from the nucleic acid-containing fraction by treatment with chloral hydrate in 2 . 5~sodium chloride as previously described (Jones & Marsh, 1954) . From the equivalent of 1.892 g. freeze-dried organisms, 65 mg. of white fibrous nucleic acid (P, 8.0 yo) was obtained, of which 55 % was DNA. The recovery of DNA was therefore 70 % and that of RNA only about 15-20 %.
Part of the loss of RNA was due to adsorption on the cell debris, the chloral hydrate precipitate and the chloroform-protein gels. This material was recovered by extraction with aqueous 2 yo (w/v) sodium dodecyl sulphate to give 63 mg. of nucleic acid, of which 90 % was RNA. The total recovery of DNA was about 80 yo, therefore, and of RNA about 50 %. The rest of the RNA had been lost because of enzymic degradation during the disintegration of the organisms. This was shown by the presence of large quantities of dialysable ultraviolet-absorbing material in the extracts of the disintegrated organisms.
The nucleic acid-hydrolysing enzymes of Aerobacter aerogenes
Organisms from a 24 hr. culture of Aerobacter aerogeneg ( 2 1.) were harvested in the Sharples supercentrifuge and disintegrated by shaking a thick suspension with ballotini glass balls (1 mm. diam.) a t 0" for 8 hr. the pH value being maintained at 7.5. The cell debris was removed by centrifugation at 15,000 g and the supernatant liquid diluted with acetate buffer to pH 6.0 and ionic strength 0.1 with respect to acetate.
A sample of this extract was diluted five times with acetate buffer (pH 6; ionic strength 0-1) and incubated at 37'. At intervals, samples (1 ml.) were removed and mixed with M-calcium chloride in ethanol (0.5 ml.), (This reagent quantitatively precipitated unhydrolysed Aerobucter mogews-RNA.) The solutions were centrifuged, the supernatant liquids diluted five times with distilled water and the optical density a t 260 mp. measured. The results (Fig. 1) indicated that there was rapid hydrolysis of the nucleic acids in the extract .
This extract was allowed to stand at 87" for 5 hr. and then dialysed. The material remaining in the cellophan bag was almost free from nucleic acid but contained an enzyme capable of hydrolysing Aerobucter mogenes-RNA. The activity of this enzyme was determined against A . aerogenes-RNA (0.5 mg./ ml.) in acetate buffer pH 6 (ionic strength 0.1) a t 87'. The results (Fig. 1) showed that the enzyme was activated a t 37" by 0*3~-sodium chloride, but inhibited by 3~-sodium chloride. It was more active a t 60' than a t 87", and a t 60" it was inhibited by 1 yo (w/v) sodium cholate. Other results indicated that the enzyme was inhibited at 87" by 0.1 yo (w/v) sodium dodecyl sulphate.
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Extraction of the nucleic acids from Aerobacter aerogenes by 1 % sodium cholate at 60" A suspension of Aerobacter aerogenes (the equivalent of 5 g. of freeze-dried organisms suspended in 150 ml. water adjusted to pH 7-7-5) was added slowly to an equal volume of 2 yo (w/v) sodium cholate (pH 7-7.5) containing 0 . 1 4~sodium chloride, maintained a t 63". During the addition of the suspension, the temperature was not allowed to fall below 60'. The mixture was kept a t this temperature for 2 hr., cooled to 0" and diluted 4-5 times by prolonged stirring a t 0" with 0.14 M-sodium chloride. Cell debris was then centrifuged off a t 14,000 g and extracted with successive portions of O.lP~-sodium chloride (adjusted to pH 7 with sodium bicarbonate) until no more nucleic acid was extracted (10-12 washings were usually necessary). The combined extract and washings were adjusted to 0.25 M with sodium chloride, cetrimide added until precipitation was complete. The procedure was then as shown in Fig. 2 G. E. Marsh and S . B. H . R i d The sugar component of the RNA was identified as D-ribose by hydrolysis with 4~-sulphuric acid followed by paper electrophoresis a t pH 10 in borate buffer and paper chromatography in butanol/ethanol/water/ammonia (sp.gr. 04380) mixture, (40 : 10 : 49 : 1).
The RNA was slightly fibrous although it contained only about 1 yo DNA.
The DNA was fibrous and upon acidification to pH 2 and readjustment to pH 7 showed a 16 % increase in optical density at 260 mp. This increase was of a similar order to that obtained with herring roe DNA which had been isolated by a very mild procedure (Laland, Lee, Overend & Peacocke, 1954).
Composition of the nucleic acids
Samples of the DNA and RNA from a normal and a streptomycin-resistant strain of Aerobacter aerogenes were analysed for their purine and pyrimidine contents. Three samples were isolated from each strain and each sample was analysed in duplicate. The results are shown in Table 2 . The recovery of bases was 3.9 and 8.8 mole/4 g. atom phosphorus for DNA and RNA, respectively. Table 2 
. Purine and pyrimidine contents of the nucleic acids of
Aerobacter aerogenes Table 2) show that the composition of the DNA from the two strains differed from each other with respect to all four bases, while the RNA from the two strains differed from each other with respect to guanine, adenine and uracil, The significance of these differences was estimated by the usual methods of statistical analysis, the results of which are given in Table 3 . The differences in composition between the DNA from the normal strain and that from the streptomycin-resistant strain were highly significant. In the IP: 54.70.40.11
On: Sat, 22 Dec 2018 21:40:40 Nucleic acids of A. aerogenes case of RNA the differences in the guanine and adenine contents were just significant but the difference of the uracil contents was not significant.
The statistical calculations were checked by Mr Morley-Jones, Statistician in the Agricultural Research Council Unit of Biometrical Genetics, University of Birmingham.
DISCUSSION
The isolation of the nucleic acids from Aerobacter aerogenes was complicated by the presence of hydrolytic enzymes which, particularly in the case of RNA, caused extensive degradation during the disintegration of the bacteria even when this was carried out at 0'. This may have been due in part to the local heating which would occur during the collisions of the glass balls. Since the hydrolytic enzymes were inhibited by 0-1 % (w/v) sodium dodecyl sulphate at 87" or by 1 % (w/v) sodium cholate a t 60°, the use of these reagents for the isolation of the nucleic acids was investigated.
Aqueous 2 % sodium dodecyl sulphate readily lysed Aerobacter aerogenes at room temperature, and thus liberated the nucleic acids. However, since much denatured protein was also extracted and the presence of this made difficult the subsequent isolation of pure nucleic acids, this reagent was' not used.
Henry & Stacey (1946) , however, found that sodium cholate a t 60° extracted nucleic acids from Gram-positive organisms without extracting large quantities of protein. Also sodium deoxycholate has been used to extract a biologicallyactive DNA from pneumococci after previous heat treatment at 65' (Avery, Macleod & McCarty, 19816) . Under these conditions of extraction hydrogen bonds of the type found in DNA should be left intact .
When applied to Aerobacter aerogenes this method resulted in the isolation of about 85 yo of the DNA and 90 yo of the RNA. The DNA was fibrous, gave viscous solutions and showed evidence of the presence of hydrogen bonds. Evidence, from titration studies, has already been presented to show that the RNA also contains hydrogen bonds ).
In the DNA the amounts of guanine and adenine were equivalent to the amounts of cytosine and thymine respectively. As with most bacteria, the amount of guanine+cytosine was in excess of adenine+thy&e.
In the RNA, the amount of adenine +cytosine was approximately equal to that of guanine +uracil, a regularity shown by a number of ribonucleic acids (Elson, Trent & Chargaff, 1955; .
The compositions of the DNA from the streptomycin-resistant strain showed small but significant differences from that of the DNA of the normal streptomycin-sensitive strain. Differences in the biological activity of DNA from streptomycin-resistant strains as compared with DNA from sensitive strains have been reported (e.g. Alexander & Leidy, 1958) and this demonstration of a chemical difference is of interest in this connexion. The differences in composition of the RNA from the two strains were less significant. These results may be compared with those previously obtained with Sarcina Zutea (Dutta, et al. 1956) in which a difference in composition of RNA, but not of DNA, from a streptomycin-resistant strain as compared with the corresponding nucleic acids from a sensitive strain, was detected. It appears therefore that by training certain organisms to grow in the presence of streptomycin, changes in the composition of the nucleic acids can result. The commonly accepted mechanism of this change, is, in the case of streptomycin, the selection, in the presence of the drug, of a resistant mutant (Eagle & Saz, 1955) .
